Replication of a plasmid molecule normally starts at a unique site, the origin. After initiation of DNA synthesis at this site, several different modes of replication have been observed. The plasmid mini-F Km (pML31), a derivative of F'lac, replicates bidirectionally and symmetrically (2, 4) . Replication of the plasmid R6K is also bidirectional but sequential (9) , while plasmids pSC101, RK2, and ColEl replicate unidirectionally (1, 8, 10, 11) . Besides the fact that different plasmids exhibit different modes ofreplication, changes in the molecular structure of a plasmid can result in alterations in the use of origins and the direction of replication. For example, deletion of the region of mini-F that contains the origin of replication results in the use of another site on the plasmid as an origin for unidirectional replication (5; R. Eichenlaub, unpublished data).
In the course of studies with various hybrid ColEl plasmids constructed by in vitro recombinant DNA techniques, a spontaneous deletion derivative of a hybrid ColEl plasmid, carrying a segment of the A page DNA and the Escherichia coli tryptophan operon, was isolated and characterized (7) . This derivative, pVH51 (2.1 x 10c molecular weight), lacks about one-half of the genome of ColEl and contains approximately 0.2 x 106 daltons ofA DNA (7) . It exhibits a four to fivefold higher copy number than the parental plasmid ColEl (7). To determine whether there are differences in the replication properties of this mini-ColEl plasmid, we have examined replicative intermediates with respect to the location of the origin and the direction of replication. Evidence will be presented that replication of mini-ColEl starts at an origin of replication indistinguishable from ColEl, but in t Present address: The Connecticut Agricultural Experiment Station, New Haven, CT 06504. contrast to ColEl the majority of the molecules replicate by a bidirectional mode.
Replicative intermediates of pVH51 and the derivative pML21 in which pVH51 is joined to an EcoRI fragment that specifies resistance to kanamycin (7) were isolated as described previously (4 (Fig. 2 ).
Although no distinction is made between the two EcoRI ends of the molecules in the experiments described in this study, the location of this origin appears to correspond very well with the one observed in ColEl which is situated 1.13 Kb (18% of unit length) from one of the EcoRI sites (8, 10, 13) . Apparently, the same origin of replication is used in mini-ColEl as found for the parental ColEl pasmid. . A 500-ml culture of E. coli P678-54 thy(pVH51) was grown in M9 medium supplemented with 0.5% Casamino Acids, 5 pg thiamine per ml, 200 ,uCi of [2-"4CthyMine, and 2.5 pg of unlabeled thymine per ml at 37°C to a titer of2 x 108 cells per ml. Cells were harvested by centifugation at room temperature and suspended in 200 ml of prewarmed, supplementedM9 medium lacking thymine. After thymine starvation of the cells for 30 min at 37°C, the culture was shifted to 25°C and the cells were pulse- Replicative intermediates were purified by centrifugation in an ethidium bromide-cesium-chloride gradient in a Beckman 6OTi rotor at 38,000 rpm for 40 to 60 h at 15°C. Fractions of 0.5 ml were collected from the bottom of the gradient. A 50-,ul ofportion of each fraction was spotted onto paper filters, washed with 5% trichloracetic acid and ethanol, and counted. Fractions 24 to 27 containing the 3H-pulse-labeled plasmid DNA were pooled for further examinations.
When replicative intermediates of mini-ColEl with extended replicated regions were examined (Table 1) , a large proportion of the molecules exhibited a bidirectional mode of replication in contrast to the observed unidirectional replication of ColE1 (8, 10, 13) . In one preparation the majority of the molecules (about 60%) appeared to replicate bidirectionally while the rest replicate unidirectionally with about equal frequency in either direction from the origin (Fig. 3) . Similarly, in other predominantly bidirectionally replicating system such as plasmid mini-F (4) and bacteriophage A (12) a substantial proportion of molecules exhibiting unidirectional replication has been reported.
Since a bidirectional mode of replication was found for a substantial proportion of the molecules isolated from two different E. coli host strains, i.e., the minicell producing E. coli strains P678-54 thy and W3110 thy, it is unlikely that the altered mode of replication of mini-ColEl is due to a particular bacterial host. The proportion of molecules exhibiting a bidirectional mode of replication varies considerably (Table 1) . For example, in one experiment only 32% of the replicating intermediates of pML21 appeared to replicate bidirectionally while 68% appeared to replicate unidirectionally. Among the unidirectional group, 79% replicated in the direction found for the parental ColEl while 21% appeared to replicate in the other direction. Although the number of molecules examined in this case is not very large, it is possible that the differences in the proportions ofmolecules using a particular mode of replication is at least partly due to variations in the physiological condition of the host during the preparation of the replicative intermediates-particularly since a thymine starvation step is involved. This treatment may interfere with the movement of the two replication forks of the plasmid molecule with a potential effect on the extent of bidirectional replication. An effect of thymine concentration on the mode of replication of E. coli chromosome has been described (3).
To date there is little evidence regarding the molecular basis of directionality of replication. Replication of the plasmid ColEl within intact E. coli cells has been found to be predominantly Replicating molecules, obtained as described in the legend to Fig. 1 , were treated with restriction endonuclease EcoRI and prepared for electron microscopy. Electron micrographs were taken, and the molecules were measured as described previously (10) . The average length of the molecules indicated was 19 (54%) a Replicating molecules were isolated as described in Fig. 1 and analyzed as described in Fig. 2 and 3 . ' Clockwise and counter-clockwise directions refer to movement of the replication fork from the origin towards the short arm and the long arm, respectively, of the EcoRI-cleaved molecule. unidirectional with little variation in the position of the origin of replication (8, 10) . In addition, it has been shown that the insertion of a segment of plasmid R6K DNA that carries a functional terminus of replication into ColEl does not change the mode of replication of this plasmid from unidirectional to bidirectional at least in the case of the large majority of the hybrid molecules (R. Kolter and D. R. Helinski, J. Mol. Biol., in press). In fact, it was observed that most of the molecules were markedly delayed in their replication at the terminus region, but replication remained unidirectional (Kolter and Helinski, in press). This situation is in marked contrast to the R6K plasmid where the origin(s) of replication appear to have considerable poten-tial for bidirectionality. For this reason most of the R6K molecules carrying a functional terminus exhibit a sequential, bidirectional mode (2; Kolter and Helinski, in press).
The observations reported in this study indicate that a modification of the structure of plasmid ColEl involving regions other than the origin of replication can change the mode of replication of a majority of the molecules. The deletion of about 50% of the genome length of ColEl also results in changes in the properties of ColEl in addition to the directionality of replication as an elevated copy number, a marked reduction to mobilization of the plasmid in conjugal transfer and the absence of relaxation complex. Heteroduplex analyses between mini-ColEl and ColEl have indicated no gross change in the region of the origin ofreplication as a result of the deletion event. This suggests that factors other than the sequence of nucleotides in the region of replication can influence the directionality of replication. The biochemical nature of these factors and whether they are specified by the plasmid and/or the host in the case of the various plasmid systems remain to be determined. 
